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DETERMINATION OF THE OPTIMAL PHASE AND MINIMUM TEMPERATURE 
DIFFERENCE PERCEIVED 
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Objective – to study methods for determining the optimal phase thermal imager to help define criteria to help 
evaluate the effectiveness of the thermal imager beyond the Nyquist frequency.
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	 Conclusions. The model thermal imaging system 
allows to calculate the optimal phase depending on the spatial frequency based MTF and angular size detector. The 
definition phase to determine optimum minimum temperature difference perceived, which in turn allows to evaluate 
the efficiency of sampled thermal imagers beyond the Nyquist frequency. 
Key words: minimum temperature difference perceived, minimum resolution temperature difference, the Nyquist 
frequency, the optimal phase. 
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1&% '$ % ,'$$
/6"(, (&E  ' *+ " "'+$1 &'F
E5*4EF.  5$.5+ E  +* %
 "!&. E$" !+ ('& '$E  *"6% &+, 
"&'*"$,E '$F   E /"",+ $
&"+ ( "&'4EG0 &6F "!"*"$F
E!(& &+, $/$ /"",+ $ !&!1"
&"+ ( "&'4EG0.  5$$%, (&E
'3"E  E** "&'*"$,*
'$(*  !&!1* &"+ (* "&'4EG0
 &'$ +0$1'( *+!1$!E&$ #, $ #
$ &*/E # ''E/ "G'$4EF /6"( [1]. 
&'$( *+!1$!E&$ . ''/+
(''/+ "E&. *'&+ () [2]  $1 
""."$,%  $$  $,*+ &!E, 3
 *.G &"&4EF ".+!00,% "&'4E0
*"$E . /E!1-"( ' E$!,+$! '$E  ""
 '$( -+*E ,  /E!1-"( "5"&$ F
 $*& –  (  '+ + /6"(  #*4E
 +%*% 'EF . &'$(  $ .
''/+ (''/+  EE*() [3] G *6! E'$1
*"-$ "5"&$ +  $*&+ $ +, !"
 ""  6"( &$'$+ /6"(
E/% "!"*"$E . 
'$'+ ( &*/E . ''/+
"G'$4EF /6"(  !(G  $
*!E5*4E#E &,'$$E '&! E '"&$+
 %E. '.!+,   41*+  $$  E
'+ + /6"( $ *"-"( &$'$+ E/%
"$!"# [4]. 
 	
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
  
!(  ,"( *"$E &*/E .
''/+ !&!1. + !E( "&'4EF
"/%E /$ '$ -,'$$+ *"!1
4"'+ "G'$4EF /6"(. 
"$0 F '$$$E G /& '$ -
,'$$F *"!E 4"'+ 5*+ ( /6"(
+ 5$$%, '3"# "&'*"$,*
'$(*   &'$E &*/E .
''/+ !&!1. &"+ ( "&'4EG0. 
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'$ -,'$$ *"!1 4"'+
5*+ ( /6"(  5$$%, '3"%
"&'*"$,* ''$"**  !&!1*
+ !E(* "&'4EG0 &*/E * ''/*
'$ F 5E!1$4EF /6"(, *6" /+$
/!"  ' E '$ -,'$$F *"!E
4"'+ 5*+ ( /6"(  5$.5E,%
''$"*% .!(+$F   [5]. 
=*+ ( /6"(  5$.5E,E#
''$"*E, '3"F "&'*"$,* '$G*
!&!1. &"+ ( "&'4EG0, *G  + E
4"' %6"( E5*4E#. '.!+  E
"!"*"$+ E!"(  !3 ' E$!,+$! .
'"'+. 
$+&$+ 5$.5E,F ''$"* *6" /+$
 ," [6]  FF E*+!1'*  E.+&+ ),( yxh , 3
&+G "&4E0 ''$"*  $,& " 6""!
 *E0 ( ( ! δ -E*+!1'+): 
( , ) ( , )L x y x y= δ − ξ − η , 
"
1, ,
( , )
0, ,
x y
x y
x y
= ξ = ηδ − ξ − η = 	
≠ ξ ≠ η

. 
=+&4E( 'E0 ( $,& ( , )h x y− ξ − η
&+G, (& ,'$ .!1. ' E$! . $&+, 
3 +$ 0G /6"( $,&, G 
"!"*"$+ !3&+ dx dy⋅ &+6& 'E0 (
 $,4E (x, y) [6]. 
 ( '$E $&-"!"&$. &!+ +
!3E ,+$! F !3& $&-"!"&$.
""$ 0 , '"&$+  *.0 /'G&$ 
5*+G$1'( /6"(, 3 '+G$1'( E$".!*
'+"4EF  [7]:  
( , ) ( , ) ( , )OE OEKE L   h x y dd
+ ∞
Π
− ∞
= ⋅ − − ⋅ ξ η ξ η , (1) 
"
OEK
h – 5+&4E( 'E0 ( #*!1F
$& $&-"!"&$. &!+. 
 +3"E, 3 ''$"* G '$ -
E E$0 ($/$  E'$1 !"6$1 $E!1&  E
 E'$E ( )x − ξ  ( )y − η ),   (1) *6
"'$ $ +  .!(E .$& [7]: 
( , ) ( , ) ( , )OE OE x y L hΠ Π= ξ η ∗ ξ η . 
!E '.! //!(G$1'(  $&-
"!"&$*+ ""$ 0 ,E '"&$+, ' 0
5+&4EG0 (&. G ""$ "( ' E$!"'$E 
#. ,+$! E# !34E  E! ('& '$E 
#. "&E,  ,*+ E E!+  E
""/+ $  E% '"&$!1% E%. 
.!1*+  &+   !( ('& '$E  "&E
$&-"!"&$. ""$ 0 , '"&$+ *G
 .!(:  
1( ', ') ( , ) ( ', ')OE OE OEL 
 2 h d d
+ ∞
Π Π Π
− ∞
ξ η = ξ η ⋅ ξ − ξ η − η ξ η 
, 
"
OE ( ', ')L Π ξ η  – '$ # E!
('& '$E  "&E $&-"!"&$.
""$ 0 ,; 
1
  – &"5E4EG$ ""%+  E
' E$!"'$E  ('& '$E;  ( ', ')OEh Π ξ − ξ η − η
– 5+&4E( 'E0 ( $&-"!"&$.
""$ 0 ,. 
$&-"!"&$# ""$ 0 , '"&$+
*6" /+$  &#   &'$(* E%
4E , &!,   &'$(*
'&+ ( (!.E, $"!" EE#* ''$"**) 
/ !"!1. ""$ "( (!.E,
"!"&$-$,% ""$ 0 ,E ).  
/6"(  "&+ $&-"!"&$.
""$ 0 , '"&$+  *.0
"&4E#. /'G&$  "&$+G$1'(  $,+
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!'$+, '$ 00,  FF !3E E!
' E$!"'$E: 
2( ", ") ( ', ') ( ' ", ' ") ' 'O OE O2 
 L h d d
+ ∞
Π Π Π
− ∞
= ⋅ − − ξ η ξ η ξ ξ η η ξ η
, (2) 
" ( '', '')OE Π ξ η  – '$ # E!
' E$!"'$E  !3E $,F !'$; 2
  –
&"5E4EG$ ""%+  E ('& '$E 
' E$!"'$E;  ( ' ", ' ")OhΠ − −ξ ξ η η  – 5+&4E(
'E0 ( "&4E#. /'G&$ + E !&
5&+'+ (. 
'$'+  -   + (2) ""$ "(
=+'G, *6 ""#$  ,'$$+ /!'$1:  
( ) ( )( ' , ' ) , ,O x y x y OEK x y2 L TΠ = ⋅ν ν ν ν ν ν , 
" ( )( ' , ' ), ,O x y x y2 LΠ ν ν ν ν  – '$ -
,'$$E '"&$ 5+&4E# ( ", ")O2 Π ξ η E ( ),L x y ; 
( ),OEK x yT ν ν  – *+!(4E# ""$, 5+&4E(
$&-"!"&$. &!+.  
'$ # E! &"5E4EG$
+'&( ( )", "τ ξ η $,F !'$ G
5E!1$-*'&, (&  ! G  '$ -
,'$$# '"&$  %E. '.!+.  .!1*+
 &+,   !( E!+ ' E$!"'$E  
!3E ' E$!,+$! . '"'+ /+" *$
 .!(:  
33 1 2( ", ") ( ", ") ( ", ")E E EΠ = +ξ η ξ η ξ η , 
"
1 3( ", ") ( , ) ( ", ")OEE 
 L   h x y dd
+ ∞
Π Σ
− ∞
= ⋅ − − ξ η ξ η , (3) 
2 4( ", ") ( , ) ( ", ")KPE 
 L   h x y dd
+ ∞
Σ
− ∞
= ⋅ − − ξ η ξ η , (4) 
"
3
 , 4
  – &"5E4EG$ ""%+  E ('& '$E
 ' E$!"'$E; ( ", ")h x yΣ − ξ − η  – 5+&4E(
'E0 ( 4"'+  5$#*4E.  
=+'G ""$ "(  E  (3) E (4) *G
 .!(: 
( ) ( )1( ' , ' ) , ,x y x y x y2 L TΣν ν = ν ν ⋅ ν ν , 
( ) ( )2 ( ' , ' ) , ,x y KP x y x y2 L TΣ= ⋅ν ν ν ν ν ν , 
"
1
(M ' , M ' )
x y
2 , 
2
(M ' , M ' )
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D. O. Pivtorak 
National Technical University of Ukraine «Kyiv Polytechnic Institute”, Kyiv, Ukraine  
SPATIALLY-FREQUENCY MODEL OF IMAGING PROCESS BY MULTIFUNCTION 
METHOD
When photographing of objects with large range of brightness, some information may be lost. The main reasons for the 
loss of information when photographing these objects are insufficient dynamic range of the input signal to the dynamic 
range of the image detector. To reduce loss of the information when photographing in a large range of brightness within a 
frame used multiplicative, additive and multifunction methods of image registration are used.  
If multifunction method of image registration is used exposing the photosensitive sensor through pre-built frequency 
selective filter-mask of optical image of the photographing object and images of uniform brightness screen is carried out. 
Spatially-frequency model of imaging process in digital photocameras that use the multifunction method of local 
exposure control is developed. From a model evidently, that the exposure system of local exposure control directly 
influences on the imaging process, changing the modulation transmission function, and mediated, changing 
parameters, that is included in expressions for the modulation transmission functions of most links that take part in 
forming of this image. 
Key words: image, exposure, dynamic range. 
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